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This invention relates fo petroleum emulsions 
of the water-in-ofl type that are commonly re- 
ïerred fo as "cut off," "roily off," "emulsified off," 
etc., and which comprise fine droplets of natu- 
rally-occurring waters or brines dispersed in a 5 
more or less permanent state throughout the-oil 
which constitutes the continuous phase of the 
emulson. 
One object of my inventionisto provide a n_ovel 10 
process for breaking or resolving emulsions of the 
kind referred 
Another object of my invention is fo provide an 
 ec0n0mical and rapid process ïor separating 
emulsions which have been prepared under con- 15 
trolled conditions from mineral off, such as crude 
 oil and relatively sort waters-or weak bruines. 
Controlled emu!sLflcatio and subsequent de- 
mulsification under the c0ndStions just men- 
tioned, are of significant value in removing im- 20 
purities particularly inorganic salts ïrom pipeline  
off. 
emu!sflïcation as contemplated in the pr-es- 
ent application includes the preventive stép of 
commingling the demusifier With ihe uqueous 5 
component which would or might subsequentty " 
become either phase of the emulsion, in absence 
of such precautionary measure. Similarly, such " 
demulsifier may be mixed with the hydr0carbon 
component.  0 
The demulsifying agent employed in th e .pres- 
ent process is a fïactional ester obtained from a 
polycarboxy acid and a diol obtained by th¢ _oxy- 
propylatio of dihydroxylated ethers of glycerol 
with the proviso that the ether radical in turn be. 
ïree from any group having 8 .or more carbon 
atoms and is preferab]y obtaine from a water- 
solub!e aliphatic alcohol but may be obtained 
from an.aHcyclic alcohol such as cYClohexanol O r 40 
from a phenol such as hydroxybenzene or cresol. 
Glycerol ethers which are a.vailable ïor this 
type of synthesis are obined by reacting a hy- 
droxylated compound, such as.an a!coho!, phenol, 
m" phenoxyalkanol, or the like, £ree ïrom any 
radical having 8 carbon at0ms or more, with pro- 
pylene 0xide so as to obtain a high mo!al alcohol 
ether and th_en subject such monohydric com- 
pound fo reaction with g!ycide so as fo give a diol 
in which both hydrox/1 adicals are atached o 50 
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two oï the three adjacent terminal carbon atoms. 
Other reactions mentioned subsequently may be 
used. leference is marie fo the ïact that the 
initial monohydric reactant having less than 8 
carbon atoms in any single radical is oxypropyl- 
ated fo yield a high molal ether alcohol. The ex- 
pression "high molal" is employed fo indicate a 
product having a molecular weight from 1,000 
fo several thousands, preferably within the range 
of 1,500 to 4,000 or even a more narrow range 
as stated subsequently. Suitable monohydric 
materials include the usual aliphatic alcohols, 
such as methyl alcohol, ethyl alcohol, propyl 
alcohol, butyl alcohol, allyl alcohol, hexyl alcohol, 
etc. A!so there are included the phenols such as 
hydroxybenzene and cresol. Similarly, the hy- 
drogenated derivatives of such phenols, i. e., the 
alicyclic alcohols, are included, tenzyl alcohol 
and hydrogenated benzyl alcohol may be used. 
Other alcohols which can be employed include 
tetrhYdropyran-2:methanol and tetrahydrofur- 
furyl alcohol. My preference is fo use aliphatic 
alcohols having ai least 3 carbon atoms and preï- 
erably being water-soluble. This includes propyl 
alcohol, butyl alcohol, or amyl alcohol. In the 
case oï butyl and amyl alcehols some of the 
isomers are water-soluble fo the extent that they 
show solubility fo the extent of a few percent ai 
room temperature, leïerence fo the hydrocar- 
bon group of such alcohols includes, of course, 
the derivatives of tetrahydropyran-2-methanol 
and tetrahydroïurfuryl alcohol even th0ugh _there 
is an oxygen.atom present. For the present pur- 
pose such radicals act as iï they were entirely hy- 
drocarbon in nature insofar that the presence of 
the oxygen atom contributes no objectionable 
property. 
The oxyp«opy_lation, or for that-marrer the 
flretment o such monohydric compounds with 
any lkylene oxide and paricularly ethylene 
oxide .and pl:opylene oxide,-is well known. If is 
preferably cPndcted in the.presence of an-alka- 
line catalyst and a residual catalyst is .preferably 
permitedto remain -in the -mass ai the end oï the 
reaction in order to catalyze subsequent treat- 
ment With glycide. " 
 triefiy, then, a monohydric alcohol or other 
monohydric reactant having less than 8 ca-r-bon 
atoms in any single radical may-.be .indicated 
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thus: 'OH. Peacting such monohydric alcohol 
with pïopylene oxide the resultant ether alcoho! 
may be indicated thus: 

'O(C360)nH 

If for sake of simplicity the alcohol selected for 
oxypïopylation is isopropyl alcohol the com- 
parable derivative is indicated thus: 

C3 i-!"70 ( C3 I-60 ) I- 

It has been pointed out previously that such 
monohydric ether alcohols must be of fairly high 
molecular weight and thus the value of  in the 
two preceding formulas is within the range of 
proximately 15 to 80. My preference is that the 
molecular weight of the pïoduct at this stage, i. e., 
prior fo treatment with glycide, be within the 
range of 2000 to 3000. Such ether alcohols can 
be obtained by other means which are well 
known. For instance, they are commercially 
available, polypropylene glycol having molecular 
weights within the range of 1,000 fo 3,000, or even 25 
higher. Such products can, of course, be ether- 
ized with suitable reactants such as dimethyl sul- 
fate, diethyl sulfate, methylbenzene sulïonate, 
ethylbenzene sulfonate, propylbenzene sulfonate, 
or the like, fo yield the corresponding ether 30 
alcohol. Other procedures are known also such 
as oxypropylation of the chlorohydrin followed 
by treatment with an alkoxide, or conversion of 
the glycol into an alkoxide, fo!lowed by treatment 
with an organic ch!oride, such as benzylch!oride 
or allylch]oride. If is immaterial how such ether 
alcohols are obtained. Having obtained such 
ether alcohol it is then treated with glycide or 
otheïwise reacted so as to produce a diol or which 
may also be referred to for convenience as an" 
etherized glyceïol. This is shown in the follow- 
ing reaction: 

CaHT0 (CH 0).r÷ Cr20 H--C HCr  
\ / 
O 

C3H7 (O C3H«).O C--C--H 
O 

In examining the above reaction it is obvious 
that an isomeric mixture is obtained for reasons 
which are obvious in light of what is said sub- 
sequently concerning oxyethylation or oxypro- 
pylation when there is a multiplicity of recurring 
alkylene oxide units. Furthermore, propylene 
oxide being an unsymmetrical alpha-beta oxide 
it may have ring rupture so as to involve, at 
least theoretically, two different isomeric deriva- 
rives. This is true, also, in regard to glycide, 
i. e., at least theoretically as the two terminal 
hydroxyls, instead of being attached to the two 
carbon atoms shown, might be attached to the 
first and second carbon atoms and not to the 
third, or more correctly the branched chain car- 
bon atom. 
From what is said hereinafter it is immaterial 
as to which particular isomer is obtained, or if 
a mixture is obtained. In any event, having ob- 
tained such glycol ether or diol, or etherized 
glycerol, such product is then reacted with a 
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polycarboxy acid or anhydride in the ratio of two 
moles of acid or anhydride for each mole of diol. 
Briefly then, the present invention is concerned 
with a process OEor breaking petroleum emulsions 
5 of the water-in-oil type characterized by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula 
10 

O--(CHÇO)«R' 
O O 
(HO O C).,R C O--C--C--C--O C R(C O 0 H), 
H H H 

in which n is a whole number varying îrom 15 
to 80; n' is a whole number not over 2; R' is a 
20 hydrocarbon radical having less than 8 carbon 
atoms, and I is the radical of the polycarboxy 
acid 

C00H 
(coo), 

in which ' has its previous significance; with 
the further proviso that the parent diol prior to 
esterification be water-insoluble and kerosene- 
soluble, and furthermore that in said diol the two 
35 hydroxyl radicals be attached fo two of the three 
adjacent carbon atoms of a terminal group op- 
posite to the terminal group R'. 
Attention is directed to the co-pending appli- 
cation of C. Ikï. Blair, Jr., Serial No. 70,811, filed 
40 January 13, 1949 (now Patent No. 2,562,878 dated 
August 7, 1951), in which there is described, 
among other things, a process for breaking 
troleum emulsions of the water-in-oil type char- 
acterized by subjecting the emulsion to the action 
4 of an esterification product of a dicarboxylic acid 
and a polyalkylene glycol in which the ratio of 
equivalents of polybasic acid to equivalents of 
polyalkylene glycol is in the range of 0..5 fo 2.0, 
in which the alkylene group has from 2 fo 3 
0 carbon atoms, and in which the molecular weight 
of the product is between 1,500 to 4,000. 
Similarly, there have been used esters of di- 
carboxy acids and polypropylene glycols in which 
2 moles of the dicarboxy acid ester have been 
 reacted with one mole of a polypïopylene glycol 
having a molecular weight, for example, of 2,000 
so as to form an acidic fractional ester. Ex- 
amination of what is said subsequently herein as 
60 well as the heïeto appended claires in comparison 
with the previous examp!e wil! show the line of 
delineation between such somewhat comparable 
compounds. Of greater signiflcance, however, is 
what is said subsequently in regard to the stïuc- 
65 ture of the parent diol as compared fo poly- 
propylene glycols whose molecular weights may 
vary from 1,000 fo 2,000. 
For convenience, what is sid hereinafter may 
be divided into six parts: 
70 Part 1 will be concerned with the oxypropyla- 
tion derivatives of the monohydric compounds; 
Part 2 will be concerned with the preparation 
of the diols by reacting the above-mentioned oxy- 
propylated monohydric compounds with g]ycide 
7 or by other suitable means; 
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Part S 
esters from the aforementioned diols; 
Part 4 is concerned with the structure of the 
peculir herein described diols and their signifi- 
cance in light of what is -said iubiiquintly; 
.P.art 5 is concerned with the us of the prod- 
ucts herein describid .as dimuliifiers for breaking 
wter-in-ofl emulsions; and 
Part ô is concirnid with crtain deriiatives 
which can be obtained from the diols of the type 
aforementioned. 
In sole instances such deriiatiis are ob- 
-tained by modest oxyethylation .precedin 
oxypropylation step, or oxypropylation followed 
y oxFethylation. Similarly, modest oxypropyla- 
£ion could OEollow treatment with glycide. This 
results in diols having somewhat different proP» 
erties which can then be reacted with-the same 
polycarboxy acids or anhydrides described in Part 
3 t.o give effective demulsiîying agents. For ,this 
reason a description of the apparatus makes 
casnal mention of oxyeth:]ation. For the sale 
reason there is brief mention of theuse oî glycide. 

PART 1 

Previous reîerence has been made to the use 
of certain monohydric .compounds as .initial raw 
materials. Examples are aliphatic alcohols such 
a methyl, ethy], butyl alcohol, and the like. 
Some of these mon0hydric compounds are obtain- 
able commercially af ter treatment with propylene 
oxide, for example. Peference is ruade to g]yco] 
-ethers obtafied by treating methyl, ethyl or iso- 
propyl and normal butyl alcohol with 1, 2 or 3, 
or more moles of propylene oxide. Needless fo 
say, these products are equaIly satisfactory as 
starting ma.terials and it simply means that the 
oxypropylation stop is shortened. 
For that latter simflar materials are obtain- 
able commerciaI!y such as certainiow molal meth- 
oxy polyethylene]ycols as it!ustrated by ethylene 
g]ycol monomethyl ether, ethylene glycol mono- 
ethyl ether, ethylene g!ycol lnonobutyl ether, 
ethy]ene glycol ethylbutyl ether, ethy]ene glycol 
monophenyl ether, ethyene glycol monobenzyl 
ether, diethy]ene glycol monomethyl ether, di- 
.ethy]ene glycol monoethyl ether, or diethylene 
glycol monobutyl ether. 
Simi]arly, products could be obtained from 
buty]ene oxide except for the expense of this re- 
agent or from a mixture of ethylene and propyl- 
ene oxide. Obviously there is a limit o the 
amount of ethylene oxide that can be present for 
the ïeason that the monohydric compom]d on 
oxypropylation should become water-insoluble at 
an actua! molecular weight range of 1,000.to 2,000, 
and in many instances at less than 1,000. Like- 
wise, it is preferable that the compound become 
kerosene-soluble af an actual molecular weight 
range oî 1,000 on up. The presence of more than 
a few ethylene oxide radicals, of course, prevents 
water-insolubflity and prevents kerosene-solu- 
'bflity. The number present can vary, of course, 
with the termina.1 group nd a degree of oxy- 
propylation but in most cases would be compara- 
tilely small, i. e., less than 10 per molecule. In 
most cases, however, one might as we]l start with 
the initial monohydric material and subjeit it 
to oxypropylation. 
For a number of wel] knov¢-n reasons equipment, 
whether laboratory .size, semi-pilot plant size, 
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-p/]hot plant ize, or lrge cle .sire, is .not .s :a 
'ule clesigned for a pr.tidular-alkylene oxide..tn- 
variably and inevitably, however, or partlcular]y 
in the case of laboratory equipment and .pilot 
5 plant size he .design is such as to use any of the 
customarfly-availa-ble alkylene oxide, i. e., ethylene 
oxide, prpy!.ene oxide, butylene oxide, glycide, 
epichlorohydrin, styrene oxide, etc. In the sub- 
.sequent description of the equipment it becomes 
10 obvious tha it is adapted for oxethylation as 
we!l as oxypropylation. 
Oxypr0pylations are conducted under a wide 
variety of conditions, hot only in regard to pres- 
15 ence or absence of catälyst, .and the kind of cata- 
]yst, but also in .regard to .the .rime of r¢action, 
temperature of reaction, speed oî reaction, pres- 
sure during reaction, etc. For instance, oxy- 
alkylations can be .conducted .at temperatures up 
20 .fo approximately 200 ° C. with pressures .in about 
the sale range up to about 200 pounds per square 
inch: They can be conducted also at tempera- 
tures approximating .the bofling point of water or 
slightly above, as for example 95 ° to 120 ° C. Un» 
25 der such circumstances the pressure will be tess 
tha-n 30 pounds per square inch unless sole 
special procedure is employed as is sometimes the 
case, to wit, keeping an atmosphere of inert gas 
.such as nitrogen in the.vessel during the reaction. 
30 Such low-temperature-low reaction.rate oxypro- 
py]ations bave been described very completely in 
U. S. Patent No. 2,448,664, to H. 1. life et al., 
dated September 7, 1948. Low temperature, low 
35 pressure oxypropylations are particularly desir- 
able where the compound being subjected tooxF- 
propylation contains one, two .or three points of 
reaction on]y, such as monohydric alcohols, g]y- 
cols andtriols. . . 
49 Since low pressure:low temperature reaction 
speed oxyïpropylations require considerable rime, 
for instance, 1 to 7 days of 24 hours each to c0m- 
plete the-reaction they are conducted-as a rule 
whether on a laboratory scale, pilot plant scale, 
.45 or large sca.le, so as to operate autom.atically. The 
prior figure of seven days applies especially to 
large-scale operations. I have used conventional 
equipment with two added automatic features; 
(a) a solenoid controlled valve which shuts off 
.50 the propylene oxide in event that the tempera- 
ture gets outside a predetermined and set range, 
for instance, 95 ° to 120 ° C., and (b) another sole- 
noid valve which shuts off the propylene oxide 
(or for that latter ethylene oxide if if is being 
.55 used) if the pressure gets beyond a predetermined. 
range, such as 25 fo 35 pounds. Otherwise, the 
equipment is substantially the sale as is com- 
monly employed îor this purpose where the pres- 
sure of reaction is higher, speed of reaction is 
60 higher, and rime oî reaction is much shorter. In 
such instances such automatic controls are hot 
necessarily used. 
Thus, in preparing the various examples I"have 
.65 round it particularly advantageous fo use labora- 
tory equipment or pilot plant which is designed 
fo permit continuous oxyalkylation whether itbe 
oxypropylation or oxyethylation. With certain 
obvious changes the equipment can be used also 
îo to permit oxyalkylation involving the use of 
glycide where no pressure is involved except the 
vapor pressure of a solvent, if any, which may 
have been used as a diluent. 
As previously pointed out the method of using 
75 propylene oxide is the sale. as ethylene :0xide. 
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This point is emphasized only for the tesson that 
the apparatus is so designed .and constructed sg 
to use either oxide. 
The oxypro.pylation procedure employed in the 
prepa.ration of the oxT¢alkylated derivatives bas 
been.uniformly the saine, particularly in liht of 
the fact that a continuous automatically-con- 
trolled proCedure was employed. In this ,proce- 
dure t'he autoclave was a conventional autoclave 
ruade of stainless steel and having a capacity of 
approximately i5 gallons and a working pressure 
of one thousand pounds gauge pressure. This 
pressure obviously is far beyond any requirement 
as .far as propylene oxide goe unless there is a 
reaction of explosive violence involved due to 
accident. The autoclave was equipped with the 
conventional devices and openings, such as the 
)ariable-speed stirrer operating st speeds from 
50 1. P. lVf. to 500 1. P. lVl.; .thermometer well 
and thermocouple for mechanic.al thermometer; 
emptying ourlet; pressure gauge, manual vent 
line; charge hole for initial reactants; st least 
one connection for introducing the alkylene oxide, 
such as propylene oxide or ethylene oxide, to the 
bottom of the autoclave; along with suitable de- 
vices for both cooling and heating the autoclave, 
such as a cooling jacket, and, preferably, coils in 
addition theret, with the jacket so am'anged that 
itis suitable for heating with steam or cooling 
with waer and further equipped with electrica! 
heating devices. 8uch autoclaves are, of course, 
in essence small-scale raplicas of the uSual con- 
ventional auJoclave used in oxyalkylation pro- 
cedures. In some instances in explçratory prepa- 
rations an autoclave having a smaller capacity, 
for instance, approximately 3 ½ liters in one case 
and about î% gallons in another case, was used. 
Continu.ou operation, or substantially con- 
tinuous operation, was achieved by the use of a 
separate container to hold the alkylene oxide be- 
ing .employed, particularly propylene oxide. ïn 
conjunction with the smaller autoclaves, the con- 
tainer consists essentially .of a laboratory ,bomb 
having-a cap.acity of about one-half galton, or 
somewhat in excess thereof. In some instances a 
larger bomb was used, to. wit, one having a capac- 
iy of about one gallon. This bomb was equipped, 
also, with an inlet for charging, and an eductor 
tube going to the bottom o.f the container so as to 
permit discharging of alkylene o.xide in the liquid 
phase go the autoclave. A bomb having a capacity 
of abou'g 60 pounds was used in connection with 
the îS-gallon autoclave. Other oonventional 
equipment consists, of course, .of the lqpture disc, 
pressure gauge, sight feed glass, thermometer 
connection for nitrogen for pressuring bomb, ec. 
The bomb was placed on a scale during use. The 
connections between the bomb and the autoclave 
were flexible stainless seel hose or tubing so that 
continuous weighings could be ruade without 
breaking or making any connections. This ap- 
plies also to the nitrogen line, which was nsed to 
pressure the bomb reservoir. To. the extent that 
it was required, any other usual conventional pro- 
cedure or addition which provided greater safety 
was used, of .course, such s.s safety glass ,protec- 
tire screens, etc. 
Attention s directed again to what has been 
said previously in regard to automatic controls 
' which shut off the p'opylene oxide in event tern- 
pm'ature of reaction passes out of the predeter- 
mined range or if pressure in the autoclave passes 
out of predetermined range. 
With this pa, rticular arrangement practically 

all oxypropylations become uniform in that the 
reaction temperature was held wlthin a ew 
,degrees of any selected point, for instance, i 
.i05 ° C. was selected as the operating temperature 
 the maximum point would be af the most 110 ° C. 
çr 112 ° C., and the lower ,point would be 95 ° or 
,possibly 98 ° C. Simflarly, .the pressure was held 
st approximately 30 pounds with a 5-pound 
,variation one way or the other, but might drop fo 
10 practically zero, especially where no solvent such 
as xylene is employed. The speed of reaction was 
comparatively slow under such conditions as com- 
pared with 0.xyalkylations t 200 ° C. Numerous 
.reactions were conduc'ed in which the rime varied 
15 from one day (24 hours) up to three days (72 
hours) for completion of the final member of a 
series, in some instances the reaction may take 
place in considerably less rime, i. e., 24 hours or 
less, as far as a ,partial oxypro'py!ation is con- 
20 cerned. The minimum rime recorded wàs abott 
a 3-bout period in a single step. leactions indi- 
.cated as being complete in 10 hours may have 
.been complete in 'a lesser period of rime in light 
of the automatic equipment employed. This ap- 
28 plies a!so whm'e the reactions were complete in 
a 'shorer period of rime, for instance,  fo 5 hours. 
in the addition of propylene oxide, in the auto- 
clave equipment as far as possible the valves were 
set o a!l the pro'pylene oxide if fed continuously 
80 would be added .a' a rate so that .the predeter- 
mined amount wou]d react within the flrst. 15 
hours of the g4rhour ,peAod or two-thirds oï any 
shorter period. This meant that if the reaction 
was interrup{ed automatically for a period of ime 
35 for pressure to drop or temperature to drop the 
predetermined amount of oxide would still be 
added in mos instances well within the predeter- 
«nined rime period. 8omet'nmes where the addi- 
,tion was a comparatively small amount in a 
4o 10-bout period there would be an unquestionble 
speeding up of the reaction, by simply repeating 
.the examples and using 3, 4, or 5 hours instead of 
=î0 hours. 
When opei'aing st a comparatively high tem- 
 perature, for instance, between îS0 ° fo 200 ° C., 
an unreacted alkylene oxide such as propylene 
oxide, makes its presence felt in the increase in 
pressure or the consistency of a higher pressure. 
PIowever, st a low enough temperature if may 
0 happen that ghe propylene oxïde goes in as a 
liquid. If se, and if if remains unreacted there 
is, of course, an inherent danger and appropriate 
steps must be taken to safeguard against this 
 possibility;, if. need be a sample must be with- 
drawn and examined for unreacted propylene 
oxide. One obvious procedure, of course, is to 
oxypropylate af a modestly higher temperature, 
for instance, af î0 ° to i50 ° C. Unreacted oxide 
60 affects determinaïion of the acetyl or hydroxyl 
value of the hydroxFlated compound obtained. 
The higher the molecular weight of the com- 
pound, i. e., towards the latter stages of reaction, 
the longer the rime required fo add a given 
6 amount of oxide. One possible explanation is 
that the molecule, being larger, the oppor{unity 
for random reaction is decreased. Inversely, the 
lovcer the molecular weight the faster the reac- 
tion takes place. For this reaon, someoimes at 
70 least, increasing the concent'ation of the cata- 
lyst does hot appreciab!y speed up the reaction, 
particularly when the product subjected to oxy- 
alkylation bas a comparatively high molecular 
weight. PIowever, as has been pointed out pre- 
 viously, operating af a low pressure and a low 



'emPerauré even in- large scale operatlons as 
much as: a week. or ton days rime may lapse to 
obtain, some of the hiffher molecular weight de- 
rivatives from monohydric or dihydric materials. 
In a number of operations the counterbalance 
scale or dial- scaie holding the propylene oxide 
bomb was so set that when the predetermined 
amount of propylene oxide had passed into the 
reaction the scale movement through a rime op- 
erating device was set for either one to two hours 
so that reacti0n continued for 1 to 3 hours after 
the final áddition of the last propylene oxide and 
thereafter the operation was shut down. This 
particular device is particularly suitable for use 
on larger equipment than laboratory size auto-- 
cIaves, to wit, on semi-pilot plant or pilot plant 
size» as well as- on large scale size. This final 
stirring period is intended to avoid the presence 
of unreacted oxide. 
In this sort of operation, of course, the tem- 
perature range was controlled automatically by 
èither use oï cooling water, steam, or electrical 
heat, so as to raise or lower the temperature. 
The pressuring of the propylene oxide into the 
reaction vessel was also automatic insofar that 
the feed stream was set for a slow continuoua 
run which was shut off in case the pressure 
pïssed a predetermined point as previously set 
ou, All the points of design, construction, etc., 
Were conventional including the gases, check 
valves and entire equipment. As far as I am 
aware at least two firms, and possibly three, 
specialize in autoclave equipment such as i have 
employd, in. the läboratory, and are prepared to 
funish equipment of this sainWkind. Si.milarly 
pi-10t plant equipmen is available. This point is 
simply ruade as a precaution, in the direction of 
saïetF« Oxyalkylstion,s, partïCulaïrly involving 
ethylene 0xide, glycide, propylene oxide, etc., 
should not be conducted except in equipment 
sp'ecificItF designed for the púrposë. 

Example la 
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Thê monohydric compound employed was iso- 
propyI aIcohol which was substantially anhy- 
drous. In the initial oxypropylation this ma- 
teris2 was reacted with propylene oxide in the 
ratio of 20 moles of propYlene oxide for one moIe 60 
of the alcohol. The autoclave employed had a 
capacity of 15 gallons or about 120 pounds of re- 
action mass. The speed of the stirrer could be 
varied from 150 to 350 1.. P.M. 3 pounds oï iso- 
pr0pyl alcohol was charged into the autoclave g0 
along with 0.3 pound of sodium hydroxide, The 
reaction pot was fiushed out with nitrogen. 
The autoclave was sealed and the automatic de-. 
vices adusted, and set for injecting 58 pounds oî. 
propylene oxide in 7 hours with an allowance of 60 
another hour for stirring to insure completeness 
of reation. The pressure regulator was set for 
a maximum of 35 pounds per square inch. This 
meant that the bulk of the reaction could take 
place, and probabiy did take place, at. a coin« 
paratively lower pressure. Thi comparatively 
low pressure was the result of the fact that con« 
siderable catalyst was present. The propylene 
oxide was added at the rate of about 8 pounds 70 
per bout. More important, the selected tem- 
perature range was 205 ° fo 215 ° F. (about the 
bofling point of water). The initial introduction 
of- propylene oxide was not started until th¢ 
heàting devices had raised the temperature to  
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about tia@ bofling point of water. At the c6ii'ï., 
pletion of the reaction the molecular weight, 
based on a hydroxyl value determination, was 
723 comlared with a theoretical molecula' 
weight of 
The final product wa water-soluble, or dis- 
persible in xylene but hot soluble in, kerosene,, or 
at least the bul]i of the compound was not 
soluble in kerosene. 
This batch of 61 pouncts except, for a sma-tI. 
amount withdrwn as a sample, ws dïvded in, o. 
5 equal portions and subsequenly subj:ected 
furthC oxypropylatïon as described in Exam.ple s 
2a fo 6a, inclushre. 

in this instance a 5-gullon, autoclave, was used 
 instead of a îS-gallon autoclave. The equip- 
ment. and design, of t_he 5-gallon autoclave was 
the saine as. that oï the tS-gallon autoclave.. 
The sme procedure ws. employed as in EX- 
ample fa, preceding, ex«ept, that the initial re- 
 acant was 12.2 poùnds of the oypropylatod de- 
rivative described as Exnple fa, preceding.. To 
this mixture there was adde 4 ounces oï caustic 
soda. The rime period was approximately 
hours with an' added 45 minutes for stirring. The 
0. amount, of oxide added vas. 11.6. pounds. 
The, molecular weight,, based on hFdvoyt 
value, was 1060, compared with a theoretical mo- 
lecular weight of 2380. 
The conditions of temperature and pressure 
36 were substantilly the same' as in. Example la, 
precedïng. The prodtct was waterinso[uble; xy- 
lene-solble and kerosene-soluble. Th.iS. state- 
men applies aso to the next four exm.ptes' and 
witt not be repeated. 
40 tncidentally, the appearance of all these prod-. 
ucts varied from rather viscous, cotorless orstrw- 
colored compoun'ds, te others having an amber 
tinf. Those of the highest moleciflar weigh, t 
would hurdF ftöw 
46 least were rather vïscous. For convenience,. I 
have stored samples in wide-mouth cans. This 
applies to gll the various samples herein de- 
scribec and thïs sttement will hot be releated. 
Also, what: is- sald ïn regard to color and vis- 
cosity appIies to the examples ater treatment- 
with gtycide s described in Part 2. 

RTe. sarne procedure  was followed as in Ex- 
ample 2a, preceding, i. e., the initial charge was 
t2.2 pounds of the product identified as Example 
1, preceding. The amount of propylene oxide 
added was 3.2.2 pounds. The amount of alkaline 
catalyst added was 6 ounces. The oxypropylation 
in this particular instance and in the remaining 
three examples, was conducted in the 20-gallon 
autoclave. The rime period was 4 hours for the 
addition of the Prepylene oxide and the product 
was stirred for one hour after completion of Che 
reaction. The fanal product showed a molecular 
weight, based on hydroxyl value, of 157.0 com- 
pared with a theoretical molecular weight of 3540". 
The conditions of temperature and pressure were 
ail the saine as in the previous examples and; as a 
marrer of fïct; apply to ai1 the subsequent ex- 
amples in this series, i. e., Examples 4a .through 
6a; so thls information will hot be repeated. 



Example da 
" The initial reactant was the. same as in the two 
preceding examples, Examples 2a and 3a,.i.e., 12.2 
pounds of the product identified as Example la, 
preceding. The amount of propylene oxide added 
was 34 pounds. The amount of alkaline catalyst 
emPloyed was 9 ounces. The rime reqnired fo 
add the propylene oxide was 4/2 hours with an 
allowance of 1 ]/2 hours for stirring fo instlre com- 
pletion of reaction. 
The molecu!ar weight, based on hydroxyl hum- 
ber determination was 1813 ompared with a 
theoretical molecular weight of 4700. 
Example Sa 
The saine procedure was followed as in Ex- 
amples 2a, 3a and 4a, preceding. The initial 
reactant was 12.2 pounds of the material previ- 
ously-identified as Example la. The amount of 
propylene oxide added was 46.4 pounds. The 
am0unt of catalyst added was 12 ounces of caustic 
soda. The tirne period for introduction of the 
oxide was 6]/2 hours and the reaction mass was 
stirred for another hour to insure completion of. 
reaction. 
The final Product showed a molecular weight 
based on hydroxyl number of 2200 compared 
with a theoretical molecular weight of 5860. 
Example 6a 
The saine procedure was followed as in Ex- 
ample 5a, preceding. The initial reactant vas 
12.2 pounds of the product identified as Example 
la, preceding. The amount of propylene oxide 
added was 58 pounds. The amount of catalyst 
was one pound of caustic soda. The propylene 
oxide was added in a 7 ]/2 hour period with 2 hours 
added for stirring fo insure completeness of re- 
action. The molecular weight of the product, 
based on a hydroxyl value determination, was 
2.460, and based on a çheoreical molecular. Weight 
if was 7020. 
The sanïe procedure was employed in .con- 
nection with other monohydric compounds/such 
as. N-butanol and N-hexanol. The character- 
istics of the products were the saine except that 
there rnay bave been a slight difference in that 
hoE the Tiïst state the product showed a trifle less 
water-solubflity and a little greater xylene-solu- 
bflity than in Exarnple la. 
Particular reference is ruade fo comparable 
Exarnple 7a derived from .butanol and Example 
13a derived from hexanol, as noted in following 
Table I. Table I includes data in regard to 
Examples la through 6a, and also Examples 7a 
through 12a derived from N-butanol and Ex- 
amples 13a through 18a derived from N-hex- 
anoL 
ïn the following table all examples were con- 
ducted in exactly the sarne molal ratio as in 
the first series, the only difference being as fol- 
lows: In the case of butanol the initial reac- 
tion involves 3.7 pounds of butanol instead of 3 
pounds as in the case of isopropanol. The ini- 
tial reaction mass was broken int0 rive parts 
of approximately 12.4 pounds each instead of 
12.2 pounds as in the series above described. The 
amount of oxide added, the amount of catalyst 
added, the rime factor, temperature factor, pres- 
sure factor, etc., were a/1 substantially identical 
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within àbflity to repeat two series as in the ëase 
of Examples la through 6a. 
The saine slight modification applies to Earn- 
ples 13a through.18a. In other words 5.1 pounds 
of hexanol were employed instead of 3 pounds 
of isopropanol. Similarly; this initial Oxy- 
propy!ation was broken into rive parts of ap- 
proximately i2.6 pounds each which was 
ployed instead of the 12.2 pounds in the first 
series, and 12.4 pounds in the second series. Here 
again all the conditions of oxypropylation.were 
substantially the saine as in series la through 6a. 

TABLE i 

2O 
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3O 

Initial 
Example No. l!onohydrie 
Compound 
la .......................... Isopropanol 
2a ................................ do ....... 
3a ................................ do ....... 
a .............................. do ....... 
Sa ................................ do ....... 
la ............................... do ....... 
7a .......................... N-butanol _. 
8a ............................... do ....... 
9a ................................ do ....... 
10 a ............................... do ....... 
lla .............................. do ....... 
12a ............................... do ....... 
13a ......................... N-hexanol_._' 
14a .............................. do ....... 
15a .............................. do ....... 
16a .............................. do ....... 
17a .............................. do ....... 
18a .............................. do ....... 

Theo- 
retical 
Weight 

1, 220 
2, 380 
3, 540 
4, 7O0 
5, 860 
7, 020 
1, 234 
2, 394 
3, 554 
4, 714 
4, 874 
7, 034 
1, 262 
2, 422 
3,582 
4, 742 
4, 902 
7, 062 

lolecutar 
Weight 
Based on 
]ydroxyl 
Value 

723 
1, 060 
1, 570 
1, 813 
2, 200 
2, 460 
695 
 1, 010 
1, 423 
], 740 
2, 050 
2, 21(] 
73 
1, 05 
1, SE 
1, 620 
i, 75 
i, 98 

75 hydroxyl Value) 

Although caustic soda was used in the above 
35 oxypropylation needless to say any other suit- 
able catalyst, such as sodium methylate, caustic 
potash, or the like, could have been employed 
equa!ly satisfactorily. 
Speaking of insolubility in water or solubillty 
0 in kerosene such solubility test can be ruade 
simply by shaking small amounts of the materlals 
in a test tube with water, for instance, uslng 1% 
to 5.% approximately based on the amount of 
water present. 
45 Needless fo say, there is no cornplete conversion 
of propylene oxide into the desired hydroxylated 
compounds. This is indicated by the fact that 
the theoretical rnolecular weight based on a 
statistical average Is greater than the rnolecular 
50 weight calculated by usual methods on basls of 
acetyl or hydroxyl value. Actually, there is no 
cornpletely satisfactory method for determining 
molecular weights of these types of compounds 
with a high degree of accuracy when the molec- 
55 ular weights exceed 1,000 or 2,00.0. In some in- 
stances the acetyl value or hydroxyl value sertes 
as satisfactorily as an index fo the molecular. 
weight as any other procedure, subject fo the 
above lirnitations, and especially in the higher 
60 molecular weight range. If any difficulty is en- 
countered in the manufacture of the esters-as 
described in Part 3 the stoichiometrical amount 
of acid of acid compound should be taken which 
corresponds fo theindicated acetyl or hydroxyl 
65 value. This marrer bas been discussed in the 
literature and is a marrer of common knowledge 
and reqnires no further elaboration. In fact, if 
is illustrated by some of the examples appearing 
in the patent previously mentioned. 
7O 
PART 2 
As previously stated, the oxypropylated mono- 
hydric compounds of comparatively high molec- 
ular weight (usually in excess of 1,000 based on 
are converted int0 diols by- 
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reaction with glycide racle for racle. Needless to 
say, other reactions can be employed which do 
not involve glycide, for example, che can produce 
ethers of the kind herein employed by use of a 
glycerol m0nochlorohydrin, i. e., either alpha or 
beta glycerol monochlorohydrin. Attention is 
directed again to the fact that in the previous 
formula and in the formulas in the claires it 
would be immaterial whether the free hydroxyl 
radicals prior to esterification are pres.en as at- 
tached to the first and third terminal carbon 
atoms, or second and third carbon atoms. This 
is simply an isomeric difference depending on 
h0w the epoxy ring is ruptured in the case of 
glycide, or whether che employs glycerol alpha 
m0nDhlorohydrn or g!ycerol beta monochloro- 
hydrin. Other suitable procedure involves the 
use of epichlorohydrin in a conventional man- 
ner. For instance, the oxypropylated compound 
can be treated with epichlorohydrin and the re- 
sultant product treated with caustic soda so as 
to reform the epoxy ring. The epoxide so ob- 
tained can thon be treated with water so as to 
yi.eld a compound having two hydroxyl radicals 
attached to two of the three terminal!y adjacent 
carbon atoms. 
Attention is directed fo the fact that the use 
of glycide requires extreme caution. This Is 
parIcuarly truc on any scale other than small 
laboratory or semi-pilot plant operations. Purely 
from the standpoint of safety in the bandling 
of  glycide, attention is directed to the follow- 
ing: (a) If prepared from glyceïol monochloro 
hydrin, this product should be comparatively 
pure; (b) the glycide itself should be as pure 
as possible as the eiïect of impurities is diiïicult 
to evaluate; (c) the glycide should be introduced 
carefully and precaution should be taken that 
it reacts as promptly as introduced, i. e., that no 
excess of glycide is ,allowed fo accumulate; (d) 
all necessary precaution should be taken that 
glycide cannot polymerize per se; (e) due to the 
higl "boiling point of glycide one can readily 
employ a typical separatable glass resin pot as 
de-scribed in U. S. Patent No. 2,499,370, dated 
Match 7, 1950, to De Groote and Keiser, and 
0ffered for sale by numerous laboratory supply 
l!ouses. If such arrangement is used fo prepare 
laboratory-scale duplications, thon care should 
be taken that the heating mantle can be removed 
rapidly SO as to allow for cooling; or botter stfll, 
through an added opening at the top the g!ass 
resin pot or comparable vessel should be equip- 
ped with a stainless steel cooling coil so, that the 
pot- can be cooled more rapidly than more re- 
moval of mantle. If a stainless steel cofl is in- 
troduced it means that conventional stirrer of 
the paddle type is changed into the centrifugal 
type which causes the fiuid or reactants to mix 
due to swirling action in the center oï the pot. 
Still botter, is the use of a laboratory autoclave 
of the kind previously described in Part 1; but 
in any event, when the initial amount of glycide 
is added to a suitable reactant, such as Exam- 
ples 2a through 6a, preceding, the speed of re- 
action should be controlled by the usual factors, 
such as (a) the addition of glycide; (b) the elim- 
ination of external boat; and (c) the use of cool- 
ing cofl so there is no undue fise in temperature. 
All the foregoing is merely conventional but is 
included due fo tle hazard in handling glycide. 
Ezanple lb 
The equipment u.sed was th9 g.las resin, po t 
of the kind described above. 
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were chàrged i45 grains of the product-identi,_-.. 
fied as Example la, preceding. To it there was 
added. 1% sodium methylate. There v¢as addi- 
tional alkaline catalyst prescrit due to. the caus- 
5 ri6 used in the preceding oxypropylation. The 
temperature of the reaction mass was heated te 
about 120 ° C. 1.5 grains of glycide was added 
in a period of a littte over an bout. Whenever 
the temperature tended to fise past 130 * C. the 
10 reacfion mass was cooled. If the temperature. 
showed a tendeney fo drop below 112 ° fo 115 
reaction mass was heated. When all the glycide 
had been added the reaction mass was stirred 
for approximately an hour longer at I30ç. C. and 
15 thon heated fo a- temperature below: the decom». 
position point of glycide, for instance, 140- - C., 
and held af this temperatue lot another hour. 
In this par.ticular eactica there is tess h.aard 
than iS usually the case insofar %laat the, amount 
20 
of- glFcide added was comparativel-y smalL Even 
so, such oxyalkytation shoutd be conducted wi-th 
exteme cae. 
These data and simflar data are-summarized 
in the following table. 

30 
35 
40 
45 

Into this resin Poç 7 

f t Mono- 
Ex. No. o . 
- Diol hyd[lc 
pound 
lb ............. la 
2b ............. 2a 
3b ............. 3a 
4b ........... :- 4a 
Sa 
6b ............. 6a 
7b ............. 7a 
8b ............. Sa 
9b ............. Oa 
16b ............ lOa 
llb ............ lla 
12.: .......... 12a 
13b ....... : .... 13a 
14b ............ 14a 
15b ...... ---:-- 15a 
16b ............ 16a 
17b ............ 17a 
18_ ........... 

Mol. Wt. o: 
Monohyd. 
- othpd. " 
b ase.d n 
Hydroxyl 
alue-  
723 
1, o6o 
1, 570 
1, 813 
2, 200 
2, 460 
695 
1,D10 
1, 423 
1; 740 
2, 050 
2, i 
736 
1, 050: 
1, 510 
1, 620 
1, 755 
1, 985 

50 PART .3 

An]t, of 
hydvic. 
pound 
Use.ci 
(grs.) 
145 
262 
22O 
246 
139 
202 
237 
174 
147 
210 
252 
162 
175 

G ycld 
 
15 
15 
12.5 
7. 
7.5 
15  
15 
[25 
"7.5 
7.5 
7.5 
15- 
15= 
12. 5 
7.5 
7.5 
7.5 

tViol, Wt. of 
Diol 
"ined/ 
Caled]ae,d. 
Erom Col- 

797 
I» 134 
1, 64.4: 
1; 
, 274- 
2, 
 769 
1, 
1, 497 
; 814 
2, 
I, 829 

As. previously pointed out th e Pro_sent invençio! 
is concerned with acidic esters obtained fro 
diols described in Part 2-P}ecedilïg, said 
55 being in turn obtained from 0xypr0Pylçed mono- 
hydric derivatives obtained as described in Part. L 
preceding. Said esters, and .,more prtic.!la:!y. 
acidic esters, are obtained from various olyca., 
boxy acids, particularly dicaboxy, acids such as 
60 adipic acid, phthalic acid, or anhydrkte, succini 
acid, diglycollic, acid, sebacic acid, azelaic: 
aconitic acid, maleic acid O r anhydride, citraconic. 
acid or anhydrlde, maleic acid or anhydr!de 
65 ducts a s obtained by the Die!s-Alder -eaction from 
reactants such as maleic anhydride and cyc,lo-. 
pentadiene. Such acid s should b het stable 
so they are hot decomP0se d dm-ing este_rificati0n,. 
They may contain as many as 36 carbpn atoms 
70 for example, the acids obtaine d by dimerization Of 
unsaturated fatty acids, unsaturated monocar- 
boxy fatty aclds, or unsaturated m0nocarboF 
acds, having- 18 carbon atoms. Referenc.e to 
ac d in the hereto appended clairn s 0bv%qu.sly 
cludes the anhydrldes or any other obvious equiv- 



26006ï  

alents. My peference, however, is te use poly- 
carboxy acids having net over 8 carbon atoms. 
The production of esters including acid esters 
(fractional esters) frein polycarboxy acids and 
glycols or other hydroxylated compounds is well 5 
known. Needless te say, various compounds may 
be used such as the low molal ester, the anhydride, 
the acyl chloride, etc. However, ïor purpose of 
economy if is customary te use either the acid or 
the anhydride. A conventional procedure is em- 10 
ployed. On a laboratory scale one can employ a 
resin pot of the kind described in U. S. Patent 
No. 2,499,370, dated iVïarch 7, 1950 te De Grotte 
and Keiser, and particuiarly with one more open- 
ing te permit the use of a porous spreader if hy- 15 
drochloric acid gas is te be used as a catalyst. 
Such device or absorption spreader consists of 
minute Alundum thimbles which are cormected te 
a glass tube. One can add a sulfonic acid such as 20 
paratoluene sulfonic acid as a catalyst. There is 
seine objection te t_his because in seine instances 
there is seine evidence that this acid catalyst 
tends te decompose or rearrange oxypropylated 
compounds, and particularly likely te de se if 25 
the esterification temperature is too high. In the 
case of polycarboxy acids such as diglycollic acid, 
which is strongly acidic there is no need te add 
any catalyst. The use of hydrochloric gas has 
one advantage over paratoluene sulfonic acid 30 
and that is that at the end of the reaction it 
can be removed by flushing out with nitrogen, 
whereas there is no reasonably convenient .means 
avaflab!e of removing the paratoluene sulfonic 
acidor other sutfonic acid employed. If hydro- 35 
chloric acid is employed one need oniy pass the 
gas through at an exceedingly slow rate se as te 
keep the reaction mass acidic. Only a trace of 
acid need be present. I have employed hydro- 
chloric acid gas or the aqueous acid itself te 40 
eliminate the initial basic material. My pref- 
erence, however, is te use no catalyst whatsoever 
and te insure complete dryness oï the diol as 
described in the final procedure just preceding 
Table 3. 4 
The products obtained in Part 2 pïeceding may 
conain a basic catalyst. As a general procedure 
ï have added an amount of half-oncentrated 
hydrochloric acid considerably in excess of what 0 
is required te neutralize the residual catalyst. 
l!he mixture is shaken thoroughly and allowed 
te stand overniht. If is then flltered and re- 
fluxed witl the xylene present until the water 
can be separated in a phase-separating trap. As  
soon as the product is substantially free frein 
water the distillation stops. This preliminary 
step can be carried out in the fiask te be used 
for esterification. If tlere is any îurther deposi- 
tion of sodium chloride during the reflux stage 0 
needless te say a second filtration may be re- 
quired. In any event the neutral or slightly 
acidic solution of the oxypropylated derivatives 
described in Part 2 is then diluted further with 
sufficient xylene, decalin, petroleum solvent, or  
he like, se that one has obtalned approximately 
a 65% solution. Te this solution there is added 
a polycarboxylated reactant as previously 
scribed, such as pl!thalic anhydride, succinic acid 
or anhydride, diglycoilic acid, etc. The mixture T0 
is refluxed until esterification is complete as indi- 
cated by elimination of water or drop in carboxyl 
yalue. Needless te say, iï one produce  halï- 
ster frein n anhydride stlch as .phthalic al- , 

hydride, no water is eliminated. ï-Iowever, if i 
is obtained from diglycollic acid, for example, 
water is eliminated. AIl such procedures are 
conventional and bave been se thoroughly de- 
scribed in the literature that further considera- 
tion will be limited te a few examples and a 
comprehensive table. 
Other procedures for eliminating the basic 
residual catalyst, if any, can be employed. For 
examp.le, the oxyalkylation can be conducted in 
absence of a solvent or the solvent removed ater 
oxypropylation. Such oxypropylation end prod- 
uct can then be acidified with just enough con- 
centrated hydrochloric acid te just neutralize the 
residual basic catalyst. Te this product one can 
then add a small amount of anhydrous sodium 
sulfate (sufficient in quantity te take up any water 
that is present) and then subject the mass te 
centrifugal force se as te eliminate the hydrated 
sodium sulfate and probably the sodium chloride 
formed. The clear somewhat viscous straw- 
colored amber liquid se obtained may contain a 
small auount of sodium sulfate or sodium chlo- 
ride but, in any event, is perfectly acceptable for 
esterification in the manner described. 
It is te be pointed out that the products here 
described are net polyesters in the sense that 
there is a plurality of both diol radicals :and acid 
rad.icals; the produ.ct is characterized by having 
only one diol radical. 
in seine instances and, in fact, in ]nany in- 
stances I bave found that in spire of the dehy- 
dration methods employed above that a mere 
trace of water still cornes through and that this 
mere trace of water certainly interferes with the 
acetyl or hydroxyl value determination, ai least 
when a number of conventional procedures are 
used and may retard esterification, particularly 
where there is no sulfonic acid or hydrochloric 
acid pïesent as a catalyst. Therefore, I bave pre- 
ferred te use the following procedure: I bave em- 
ployed about 200 grains of the diol as described in 
Part 2, preceding; I bave added about 60 grains 
of benzene, and then refluxed this mixture in 
the glass resin pot using a phase-separating trap 
until the benzene carried out all the water pres- 
ent as water of solution or the equivalent. Ordl- 
narily this refluxing temperature is apt te be in 
the neighborhoed of 130 ° te possibly 150 ° C. 
When all this water or moisture has been removed 
I also withdraw approximately 20 grains or  
little less benzene and then add the required 
amount of the carboxy reactant and also :about 
150 grains of a high boiling aromatic petroleum 
solvent. These solvents are sold by various off 
refineries and, as far as solvent effect act as if 
they were almost completely aromatic in char- 
acter. Typical distfllation data in the part2cular 
type I bave employed and round very satisfactory 

is the following: 

I. B. P., 142 ° C. 50 ml., 242 ° C. 
5 ml., 200 ° C. 55 ml., 244 ° C. 
I0 ml., 209 ° C. 60 ml., 248 ° C. 
15 ml., 215 ° C. 65 ml., 252 ° C. 
20 ml., 216 ° C. 0 ml., 252 ° C. 
25 ml., 220 ° C. 75 mi., 260 ° C. 
30 ml., 225 ° C. 80 .ml., 264 ° C. 
35 ml., 230 ° C. 85 ml., 270 ° C. 
40 ml., 234 ° C. 90 ml., 280 ° C. 
45 ml., 237 ° C. 95 ml., 307 ° C. 

After thls material Is addcd, refluxin Is con- 
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tinued and, of course, is t-ihigh temperature, to 
abêtit fs athhd'ffe i'èttës rb 'aFnò'gatër 
of  èactlbh ïaps;. ïï "he aïbbï¢ïrreatatit 
a ctd w o acion 0 Sppéar nd 5 
etè. if iç fs 0t dne t-iy ep- 
myê  0  r i9o- C.;'e  200 « C., o 
o h çdèd'.'theè  no obeEïon t0 a 
IitflWreidUë.. AtulF, When hèe mteH 
are . "tO a 'sê uCh  mafion 
the s0iven m Ys ;s eii. ;lbd  
ma.  WSbiçh i o bWmbçèd y - 2o 
ation, and paria cuum tIaon, 

18 
solvent, such as decalin d-an alkylated decalin 
which has a rather deïmit'e Or close.range boiling 
point.. The removal 
purely i cnVenfionai pf0cedui'e a-nd .reqi£es no 
elaboration. 
In the appended table olvent #-3, which 
appears in all insnces, is a-mixte of  volumes. 
of the arÇmatic pètroleum Solvent.Previously de- 
scHbed and 3 volumes of benzenè. This was ud 
or a Similar mixtdre, in the mánher previousl-y I 
desCribed. In à large number bi imilar ex+ 
amples decalin ha; been usëd bu it is my prefer7 
ence to use the àbove mentionëd miXtue 
particultrly with the preliïiiinax tep of remov= 
ing ali the watr: If one d0es n0t intënd to ie- 
m0ve the solven my preference is fo use. thé 
petroleum solvent-benzene mixture althb.ugh o5- 
viousIy :any of thë other mïitures, such as declin 
and xylene, can be employed. 
The data includd in the ubseqiient tables, i. e., 
Tables 3 and 4, re self-explanatory, and "Vè-# 
comlete and it isbelievel no rucher elaboratimî. 
is necessary: 

Ester 

 [l. Wt. 
Ex. Io. of Hdroxy 
Hdrox. 9mpd. 
Compound by OH 
)eterm. 
lb 723 
lb 723 
lb 723 
lb 723 
lb 723 
15 723 
2b I, 060 
25 I, 060 
2b I, 060 
25 I, 060 
2b 1, 060 
b  1,060 
3b" / 1,570 
"3b- I, 570 
3b I, 570 
3b 1, 570 
3b 1, 570 
3b I, 570 
4b 1,813 
45 1, 813 
45 I, 81 
45 1, 813 
4 1, 813" 
45 1, 813 
55 2, 220 
5b 2, 220 
5b 2, 220 
5b 2, 220. 
55 2; 220 
b- 2; 220 
6b 2, 460. 
65 - 2; 460 
6b 2; 460 
66 2, 460 
6b 240 
6b 2, 460 
llb 2, 050 
llb 2» 050 
lb 2 050 
llb 2, 050 
llb 2 050 
tlb' 2, 050 
12b 2, 210. 
lb 2, 210 
12b 2; 210 
12b 2. 210 
12b- 2 21o- 
1-2b " 2» 210. 
!7b 1,.OE55 
175  1, 755 
lb I. 7% 
17// 1: 75 
175 " ]. 755 
17b 1,755 
18 1,085{ 
18b 1,985 { 
185 1,085 ; 
185 1,985 ! 
185 ' 1 985 { 
18b. 1,985. l 

ount 
[roxy 
pound 

Plycatb,Reàctant ] Used 
241 .lhtha]Io Ahydride ..... l, 90 
241 lIaleic Anhydride 
241 .Citraconic Anhydride__.l - 75- 
241 Shooinio Ahydride ..... I 67 
241 Dig]ycolli0 AoId-. ....... [. .89 
241 Ac0nitio Aoid ........... {. 116' 
265 lhthalio Anhydride ..... 
26 1raleic Anhydride ...... I. 49 
26 Citaconic Anhydride_. 
265 Shccinlo Auliydride ..... I- 50. 
26 Diglycollte:cid ........ ]. 67 
265 A60nitlo .ctd ........... { 87 
314 lhthatic nSydride 
314 MMeic Aiydrido 
314 itraconi Luhlride___ 45, 
314 S¢cinic Añhydrlde ..... 40. 
314 )ig]yco]]i'-Acld .......... "54 
314 nitic Actd ............. 70. 
802 Phthalic Afihydride ..... 
802 MMeic Antwdride ...... 83' 
802 Citraconic Anhydride__.l 87 
802 Sic¢iië Aiildê ..... I 33 
02- Diglyc0lli Acldï__:_._l  45 
02 Aconifiç Acdu. .... 1 58 
317 Pthalic Ahdïidë 
817 Malei-tydrid _ ..... I 28 
317 Citraoio 2Iihydridb__,_[r 32 
31Y Suciic,Anhdride ..... I 29 
37 È)iglc011i¢ AId_: ..... -I' 38 
3!7 Aoniti Aoid ......... L__I- 50 
246 Phthalio Anhdrlle ..... 
246 Glttaonio.Anhydride._: 2 
246 
26 DlglycoIlioAeid ..... :__. 27 
246 . Aoenitlc Acid .... « ..... : 35 
205 Phttiälib .itiydrïdë 
205 Malië -Lnhydrilë_ _::. 20 
205 Gtrac0nic Anhydride.. 22 
25 ' Suçcihi Añliydrilë ..... = 20 
205 Dig]yc0]Hc Acide..  _  _. _ 27 
205- Aoenitic Acid ..... .__ 35 
21 Ptithà]ic AnhydrRt .... 30 
221  MMèic Anhydridè ...... 20 
22t Citrac0nic Avdide--_= . 22 
21 Süocii AnlydrIoEë_ ..  _ 20 
221-+ Aconitic cld .... __ .... '  35 
175. Phtha!i Anhdride ..... " 49 
176 Maléio Anydfltle _._ =_ 33 
176 Citraconic Anhydrida-_ _ 37 
.176 J. Suciñie Anhydrida,:.: 83 
176 . DigIbbllil.cid.:=.:ï::= 45 
176 [ Aconitic Acid ....  ...... 58 
19  PhthMic Anhydridb:=:: -49 
199 Mairie AnhydHde__=:: 33 
199  Citraconic Anhydride:,_ 37 
199 [ Suceinic Anhydridè::::_- 33 
199" - Dig]y¢ollic_Acid::»_::_:: 45 
199 Aconittc.kcld .......... 58 
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Water 
Example No. Out 
of Ester (cc:) 

2¢ ............... Do. 
c ............. -- . Do. 
4C .......  ....... DO. 
5c ............... 9: 8. 
6¢ ........ ï__.____ 11. 2. 
7c ............... None. 10 
8 ' Do. 
 Do. 
ïoe ......... -:-.: Po. 
11¢ .............. 8.8. 
12c 7. 8. 
13, None. 
14¢ Do. 
1Se Do. 
16 Do. 
17 7.0. 
18 7.. 
19 None. 
20e .............. D0. 
D0o 
22( 5 
24c 5.0. 
25c None. 
26 Do. 
27c Do. 
28c 
29c .............. 5.0. 
30e 4.3. 
31c None. 
32c Do. 
33c .............. Do. 
$4¢ .............. Do. 
$5C 3.5. 
36 .............. 3.0. 
37¢ .............. None. 30 
Do. 
39c .............. 
4 Do. 
3.0. 
43c .............. None. 
44c .............. Do. 
45c Do. 35 
46 Do. 
47( 2.8. 
48c .............. 2.7. 
49c .............. Noue. 
50¢ Do. 
51¢ .............. Do. 
52e .............. Do. 40 
53c 6.5. 
54c 7.0. 
55c None. 
56c Do. 
57c .............. Do. 
58c Do. 
59c 5.1. 
60c 4.9. 45 

The procedure ïor manufacturing the esters 
has been illustrated by preceding examples. If 
for any reason reaction does hot take place in a 
manner that is-acceptable, attention shoutd te 50 
directed to the following details: (a) recheck the 
hydroxyl or acetyl value of the oxypropylated 
glycerol ether and use a stoichiometrically 
equivalent amount of acid; (b) if the reaction 
does hot proceed with reasonable speed either 55 
raise the temperature indicated or else extend the 
period of rime up fo 12 or 16 hours if need be; 
(c) if necessary, use /2 % of paratoluene sulfonic 
acid or some other acid as a catalyst; (g) if the 
esterification does hot produce a clear product 60 
a check should be ruade to see if Çn inorganic 
salt such as sodium chloride or sodium sulfate is 
hot precipitatin$ out. Such salt sh0uld be elimi- 
nated, at least for exploration experimentation, 
and can be removedbY filtering. Everything else 65 
being equal, aS the size of the molecule increases 
the reactivê hydroxyl radical represents a smaller 
fraction of the entire molecule and thus more 
difficutty is involved in obtaining complete es- 
terification. 7O 
Even under the most carefully controlled con- 
ditions of oxypropylation involving comparative- 
ly low temperatures and long rime of reaction 
there are formed certain compounds whose com- 
positions are still obscure. 

Such side reaction 75 
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prooEuctS can contribute a substantial proportîOn 
of the final cogeneric eaction mixture. Various 
suggestions .have been maoEe as to tBe nature 
these compounds, such asbeing cyclic polymers 
of propylene oxioEe, OEehyoErat!on prooEucts with. 
the appearance of  vinyl radical, o isomers of 
propyleneoide or derivgtives'thereof, i, e;,.of.an 
aldehyde,ketone, or allyl:alç0.hol. In some in.- 
stance,/an attempt t0 rei the s0iqhiomtr_iç:, 
amount of a Dolcarboxy.:acd.:vith the oxyprbp.y  
lated derivative results in an excess of the 
boxylated reac.tant.f0r.the re, ason that ap.parehlY 
under .c0nditisns Of rehCion less reaCtive :hy- 
droxl'ra.dicais re. Pesen than indica.ted bY the 
hydroYl--vlue,. Undev:such circumstances there 
is.simpIY.a:residue.of the carboxylc .çeactant: 
which can be rmoved bY filtration or, if desired, 
the sterification procedure can be repeated us- 
ingan approXitnatety reduced ratio o carboxylic 
reactant. ':: ' ' " " " :' ": 
Eventhe d.tenï!nati0n.0f the hydroxyi.x;alU:e 
and conventional poced_!re leaves much tobe 
sired due either to the cogeneric materialspre: 
viously referred to, or for that marrer, the pres- 
ence of any inorganic salts or propylene oxide. 
Obviously this oxide should be eliminated. 
The solvent employed, if any, can be removed 
from the finished ester by distillation and par- 
ticularly vacuum distillation. The final pro- 
ducts or liquids are generally pale amber to ara- 
ber in color, and show moderate viscosity. They 
can be bleached with bleaching clays, flltering 
chars, and the like. However, for the purpose of 
demulSification or the like coloris nota factor 
and decolorization is not justified. 
In the above instances I have permitted the 
solvents to remain present in the final reaction 
mass. In other instances I have followed the 
saine procedure using decalin or a mixture of 
decalin or benzene in the saine mariner and ulti- 
mately removed all the solvents by vacuum dis- 
tfllation. Appearances of the final products are 
much the saine as the diols belote esterification 
and in some instances were somewhat darker in 
color and had a reddish cast and perhaps some- 
what more viscous. 
PAIT 4 
Previous reference bas been ruade to the fact 
that diols such as polypropyleneglycol of ap- 
proXimately 2,000 molecular weight, for example, 
have been esterified with dicarboxy acids and em- 
ployed as demulsifying agents. On first exam- 
ination the difference between the herein de- 
scribed products and such comparable products 
appears tobe rather insignificant. In fact, the 
difference is such that it fails to explain the fact 
that compounds of the kind herein described may 
be, and frequently are, 10%, 15% or 20% better 
on a quantitative basis than the simpler com- 
poundpreviously described, and demulsify faster 
and given cleaner off in many instances. The 
rnethod of making such comparative tests bas 
been described in a booklet entitled "Treating Off 
Field Emulsions," used in the Vocational Train- 
ing Course, Petroleum Industry Series, of the 
American Petroleum Institute. 
The difference, of course, does hot reside in the 
carboxy acid but in the dioL Momentarily an 
effort will be ruade to emphasize certain things 
in regard to the structure of a polypropylene 
glycol, such as polypropylene glycol of a 2000 
 molecular weight. Propylene glycol has a pri- 
mary alcohol radical and a secondary alcohol 
radical. In this sense the building unit which 
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forms polypropylene glycols is hot. symmetrical. 
Obviously, thon, polypropylene glycols can be 
tained, at least theoreticatly, in which twi second- 
ary alcohol groups are. united or a secondary al- 
cohol group is united fo a primary alcohol group, 
etherization being involved, of course, in each 
stance. 
Usually no effort is made fo differentiate be- 
tween oxypropylation taking llace for example, 
at the primary alcohol unit radical or the second- 
ary alcohol radical Actually, when such prod- 
ucts are obtained, such as. a high molal polF-- 
propylene glycol or the products obtained in the 
manner herein described one does hot obtain a 
single derivative such aa HO.(RO)H in which n 
has one and only one value, for instance, 14, 15 or 
16, or the like. Rather, one obtains a cogeneric 
mixture of clesely related or touching homo- 
logues. These materials invariably have high 
molecutar weights and cannot be separated from 
one another by any known procedure .without 
decomposition. The properties of such mixture 
represent the contribution of the various indi« 
vidua] members of the mixture. On a statistical 
basis, o course, n can be appropriately specifled. 
For practical 10urposes one need only consider the 
oxypropylation of a monohydric alcohol because 
in essence this is substantially the mechanism in- 
volved. Even in such instances where one is con- 
cerned with a menohydriÇ reactant, one cannot 
draw a single formula, and say that by following 
such procedure one can readily obtain 80% or 
90% or 100% of such compound. However, in 
the case of at least the monohydric initial reac- 
tants one can readily draw the formulas of. a 
large number of compounds which appear in some 
of the probabIe mixtures or can be prepared as 
components and mixtures, which ari manufac- 
tured conventiÇnalIy.. 
Simply by way of illustration reference is ruade 
to the copending application o£ De Groote, Wirtel 
anoE Pettingill, Serial No. 109,79.L filed August 
1t,. 1949 (now latent No. 2,549,43.4 dateoE Aprit 
li, 1951). 
However, momentarily referring again fo a 
monohydric initial reactant it is obvious hat if 
one selects any such simple hydroxylated com- 
pound and subjects such comPound fo oxyalkyla- 
tion, such as oxyethylation, or oxypropylation, 
becomes obvious that one is really prod.ucing a 
polymer of the atkylene oxides except for the 
terminal group. This is particularly truc vhere 
the amount of oxide added is compaati¢ely 
large, for instance, 10, 0, 30, 40, or 0 units. If 
such compound is subjected to oxyethylation so 
as fo introuce 30 units of" ethylene oxide,, it ïs 
well. known tha. one does hot obtair a single 
constituen which, for the sake of convenience, 
may be indicated as RO(CH«O)aiH. ,Instad, 
one obtains, a cogeneric mixture of closely related 
homologues, in which the, formula may be shown 
as the fotlowing, RO(CHO),H, wherein , as 
far as the statistical average goes,, is 30, ut the 
individual members prescrit in significant amount 
may ay rom instances where n has a value 
5» and perhaps less,: to a. poin.t where n may 
represent 35. or more-. Such mixture is, as stated, 
a cogeneric closely related series o touching 
homÇ1ÇOÇUS compounds. Considerable investla- 
tion has been ruade in reiad fo the distribution 
curves for linear potmers. Attention is .directed 
to the article entitled "Fundamental. pinciples 
of condensatiin polymerization," by Ftory. which 
apeareK in Chemical Reviews, iolume 39., No« 1, 
page 137.. 
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Unfortunately, as has been pointed out by 
Flory and other investigtors, there is no satis- 
factory method, based on either experimental or 
mathematical examination, of indicating the 
5 exact proportion of the various members of 
touching homologous series which appear in co- 
generic condensation products of the kind de- 
scribed. This means that from the practical 
standpoint, i. e, the ability to describe how to 
0 make the product under consideration and how 
to repeat such production rime after rime with- 
out difliculty, it is necessary t.o. resort to some 
other method of description, or else consider the 
value, of. n, in ormulas such as those which bave 
15 appeared previiusly and which appear in the 
claires, as representing bith individual constitu- 
ents in which n has a single definite value, and 
also with the understanding that n represents the 
average statistical value based on the assump- 
20 tion of completeness of reaction. 
This may be illustrated as follows; Assume that 
in any particular example the molal ratio of the 
popylene oxide to the monohydric initial re- 
actant is 15 fo 1. Actually,. one obtains products 
25 in which  probably varïes from 10 fo 20, perhaps 
even further. The average value, hoïever, is 15, 
assuming, as. previiusly stated, that the reaction 
is complote. The product described by the for- 
mula is best described also. in .terres of method 
3O of manufacture. 
However, in the instant situation it is obvious 
that there is a distinct difference of structure be- 
tween the initial, diol subjected to reacion with 
polycarboxy acids and an ordinary polypropFl- 
35 eneglycol such as polypropyleneglycol- 2000. In 
the case of the last mentioned compound the two 
hydroxyls are in the alpha-omega Position to 
each other, i. e., atached fo oppesite terminal 
cal.bon radicals and obviously there is no termi- 
40 nal radical such as R". Stated another way, 
looMng upon the ordinary glycol molecule as 
having two branches extended from a conter or 
central part of the molecule in the prescrit in- 
stance, i. e., the reactant herein employed as ini- 
5 tial raw material, Çne has three branches of the 
moIecule; i. e., the two hydroxy radicals and the 
terminal radical designated as R *. Furthermore, 
in the case of the instant diol instead of the hy- 
droxyl radicals beini in an alpha-omega posi- 
tion fo each other they are terminally attached to 
0 
two of the three terminally adjacent carbon 
atoms, being the terminal gr0up opposite P', and 
thus prescrit entirely a different molecular form 
or. molecular architecture. 
55 AII- of this has been pointed out previously in 
the formulas which illustrate the herein specified 
demulsifying agents. 
PART 5 
o Conventional demulsifying agents employed in 
the treatment of oit field emulsions are used as 
such, or after dilution with any suitable solvent, 
such as water, petroteum hydrocarbons, such as 
benzene, toluene, xylene, far acid oil, cresol, an- 
,5 thracene oil, etc Alcohols, particularly ali- 
phatic alcohols, such as' methyl alcóhol, ethyl al- 
cohot,, denatured, atcohol, propyl alcohol, butyl 
alcohol, hexyI alcohol, octyl alcohol, etc., may be 
employed as dfluents. M2scellaneous solvents 
70 such as pine oil, carbon tetrachlorïde, sulfur 
dioxkïe extract obtainec in. the refining of pe- 
troleum, etc., may be employed as diluents. Simi- 
larly, the material, or maerials employed as. the 
demulsifying agen o£ my process may be ad- 
75 mixed, with one or more of. the sol:ents, custom- 
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arily used in connection with c0nventional de- 
mulsifying agents, lYloreover, said material or 
materials may be used alone oï in admixture with 
other suitab]e well-known classes of demulsifying 
agents. 
:[tis well known that conventionl demulsify- 
ing agents may be used in a water-soluble form, 
or in an off-soluble form, or in a form exhibiting 
both off- and water-solubility. Sometimes they 
may be used in a form which exhibits relatively 
limited oil-solubility, ttowever, since, such re- 
agents are frequently used in a ratio of 1 to 10,000 
or 1 fo 20,000, or 1 fo 30,000, or even 1 fo 40,000, 
or 1 fo 50,000 as in desalting .piactice, such an 
apparent insolubility in off and water is not sig- 
nificant because said reagents undoubtediyhave 
solubility within such Concentrations. This saine 
fact is true in regard to the material or materials 
employed as th e demulsifng agent of my proc- 
ess. 
In practicing my process for resolving petro- 
leum emulsions of the water-in-oil type, a treat- 
ing agent or demulsifying agent of the kind above 
described is brought into contact with or caused 
to act upon the emulsion tobe treated, in any 
of the various apparatus now generally used to 
resolve or break petroleum emulsions with a 
chemical reagent, the above piocedure being used 
alone or in combination with other demulsifying 
procedure, such as the electrical dehydration 
process. 
One type of procedure is to accumulate a vol- 
ume of emulsified oil in a tank and conduct a 
batch treatment type of demulsification pro- 
cedure to recover clean oil. In this procedure 
the emulsion is admixed with the demulsifier, for 
example by agitating the tank of emulsion and 
slowly dripping demulsifier into the emulsion. In 
some cases mixing is achieved by heating the 
emulsion while dripping in the demulsifieï, de- 
pending upon the convection currents in the 
emulsion to produce satisfactory admixture. In a 
third modification of this type of treatment, a 
circulating pump withdraws emulsion from, e. g., 
the bottom of the tank, and reintroduces it inte 
the top of the tank, the demulsifier being added, 
foï example, at the suction side of said circulat- 
ing pump.  
In a second type of treating procedure, the de- 
mulsifier is introduced into the well fiuids at the 
well-head or at some point between the well-head 
and the final off storage tank, by means of an 
adjustable proportioning mec1nism or propor- 
tioning pump. OrdLuarily the flow of fiuids 
through the subsequent lines and fittings suffices 
to produce the desired degree of mixing of 
mulsifier and emulsion, although in some in- 
stances additionl mixing devices may be intro- 
duced into the fiow system. In this general pro- 
cedure, the system may include various mechani- 
cal devices foï with¢h-awing free water, separat- 
ing entrained water, or accomplishing quiescent 
settling of the chemicalized emulsion. Heating 
devices may likewise be incorporated in any of 
the treating procedures described herein. 
A third type of application (down-therhole) of 
demulsifieï to emulsion is to introduce the de- 
mulsifier either periodically or continuously in 
diluted or undiluted form into the well and to 
allow it te corne to the surface with the well 
fluids, and then to fiow the chemicalized emulsion 
through any desirable surface equipment, such as 
employed in the otheï treating procedures. This 
particular type of application is decididly usi- 
ïul when the demulsifier is used in connection 

with acidification of calcareous oil-bearing 
strata, especially if suspended in or disso!ved in 
the acid employed for acidification. 
In all cases, it will be apparent from the fore- 
5 going description, the broad process consists sim- 
ply in introducing a relatively small proportion 
of demulsifieï into a relatively large proportion 
of emulsion admixing the chemical and emulsion 
eitherthr0ugh natural fiow or through special 
10 paratus, with or without the application of heat, 
and allowing the mixture to stand quiescent until 
the undesirable wateï content of the emulsion 
separates and settles frein the mass. 
The following is a typical installation] 
15 A reservoir to hold the demulsifier of the kind 
described (diluted or undiluted) is placed at the 
Well-head where the effluent liquids leave the 
well. This ïeserv0iï or container, which may 
vary from 5 gallons to 50 gallons for convenience, 
20 is connected to a proportioning pump which in- 
jects the demulsifier drop-wise into the fiuids 
leaving the well. Such chemicalized fiuids pass 
through the fiowline into a settling tank. The 
settling tank consists of a tank of anyconvenient 
25 size, for instance, one which will hold amounts 
of fiuid produced in 4 to 24 hours (500 barrels' 
to 2000 baïrels' Capacity), and in which theïe is 
a peïpendiculaï conduit from the top of the tnk ' 
te almost the very bottom so as to permit the 
30 incoming fluids to pass from the top of the set- 
tling tank to the bottom, so that such incoming 
fiuids do not disturb stratification which takes 
place during the course of demulsification. The 
settling tank has two outlets, one being below 
35 the wateï level to drain off the water ïesulting 
from demulsification oï accompanng the emul- 
sion as free wateï, the otheï being an oil ourlet 
ai the top to permit the passage of dehydrated 
off to a second tank, being a storage tank, which 
40 holds pipeline oï dehydrated oil. If desired, the 
conduit oï pipe which serves to carry the fluids 
from the well to the settling tank may include 
a section of pipe with baffies to serve as a mixer, 
to lnsure thorough distribution of the demulsifier 
45 throughout the fiuids, oï a heateï for ïaising the 
temperature of the fiuids to some convenient tem- 
perature, for instance, 120 ° to 160 ° 1.,. or both 
heateï and mixer. 
Demulsification procedure is started by simply 
50 setting the pump so as t0 feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon as a complete. "break" or satisfactory 
demulsification fs obtained, the pump is ïegu- 
lated until experience shows that the amount of 
55 demulsifieï being added just suflicient to produce 
clean or dehydrated oil. The amount being fed 
at such stage is usually 1:10,000, 1i5,000, 
1:20,000, or the like. " 
In many instances the 0xya!kylated :pr0ducts 
60 herein specified as demulsifiers can be conven- 
iently used without dilution. However, .as pre- 
viously noted, they may be diluted as desired 
with any suitable solvent. Fr iïistance, by mix- 
65 ing 75 parts by Weight of an oxyalkylated de- 
rivative, ïor example, the product ot Example 
35d with 15 parts by weight of xylene and 10 
parts by weight of isoproPyl alcohol, an excellent 
demulsifier is obtained. Selection of the solvent 
ïo wfll vary, depending upon the solubility char- 
acteristics of the oxyalkylated product, and of 
course will be dictated in part by ec0nomic con- 
siderations, i. e., cost. 
As noted above, the products herein de- 
75 scribed may be used hot only in diluted ïorm, 
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bu aïs nay .be; useddrriixèd vihs0me oher 
cheC] demulfie '»: 
evio' refêrefic ,bas been ruade 
oalla%in aen%s 0her thanpropylene oxide, 
such as ethylene oxide. -Ob0usly variants can 
ho- prepared which do' no£ dep% from. hat 
 said herein but do produce m«difica%ions.  The 
ol derived,bY etherizon of Fcerol in the 
manner describC an e Prpared from mono- 
dric :c6mpounds wch hve' been reacted with 
ethylene,oxide  modC£. mounts and/hen 
ubjected.:to oxyPropylaiq.Prodedthat  the 
resultant .derivative is (a)Water-insoluble, (b) 
kerosene-soluble, and (c) bas present 15 to 80 
alkylene oxide radicals. Needless to say, in order 
to have water-insolubility and kerosene-solu- 
bity the large majoty must be propylene 
oxide. Other variants suggest emselves as, 
for example, replacing propylene oxide by butyl- 
ene oMde. 
ore specificially then one mole of such 
ethered glycerol of the Mnd described can be 
prepared from one mole of a monohyic coin- 
pond wch has been treated with 2, 4 or 6 
moles of ethylene oxide and then treated with 
propylene oMde so as fo produce a water-in- 
soluble, kerosene-soluble diol in wch there are 
present 15 to 80 oMde raoEcals as previously 
speced. Silarly e propylene oxide can be 
added st and then the etlene oMde, or ran- 
dom oalkylation can be employed using 
mixture of the two oxides. The compounds so 
obtained e realy estefied in the saine man- 
ner  described in Part 3, preceg. Incident- 35 
ally, the diols described in Part 2 or the mod- 
catio described therein can be treated with 
vaous reactants such as glycide, epichlorohy- 
in, methyl sulfate, sfuric acid, maleic 
hyide, ethylene imine, etc. 
epichlorohydrin or monochioroacetic acid the 
resultant product can be further reacted with 
a tertiary amie such as pyrine, or the like, to 
give quatea aomum compounds. 
treated with maleic ayide to We a total 45 
ester the resultant can be treated with so 
bisfite  yield a sfosuccinate. Sulfo groups 
can be introduced also by mea of a sulfating 
agent as previously suggested, or by treating the 
chloroacetic acid resultant with sooEum suite. 50 
I bave round that if such hydroxylated com- 
pound or compo are reacted further so as 
to produce entirely new derivatives, such new 
derivatives bave the properties of the onal 
hyoxylated compound insofar that they are 
effecve and valuable demulsifying agents for 
resolution of water-in-ofl emulsions as found in 
the petroleum ]ndtry, 
doctor treatment of sour cde, etc. 
Having thus descbed my invention, what I 60 
claire as new and desire to secte by Letters 
Patent, is 
1. A process for breaMng petroleum emulsions 
of the water-in-oil type charactezed by sub- 
jecting the emulsion to the action of a demulsi- 65 
fier including hydrople sthetic products; 
said hydrople synthetic products being char- 
acteed by the following foula: 
O--(CHO),R' 
70 
O O 
ooc.,c o-c-o-c-o cc oo, 
 we  s  wo]e be 
o 80; ' Js  wo]e be o oe 

a 'hYdïïo'crbon rdicl having less than :8 car- 
bon atoms, and 1% is the:radical o.f $he poly- 
carboxy acid 
, COOH. ,- . 
\(c o OYr) 
in which ,n' bas its previous significance;,,ïvith 
the further progiso.tha thëparent dio1 pior 
to èsterifiCation ho atër-iisoluble and kerosene- 
soluble, and furthermore that in said diol 
two hydroxyl radicals be attached to wo of 
three adjacent Carbon atoms Of a terminal group 
opposite to .the terminal group 
2. A process for breaking petroleum .emulsions 
of the water-in-oil type characterizëd by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; said 
hydrophile synthetic products being characteri- 
zed by the following formula: 
O--(CHO).R' 
0 
(H0 0 C)o,: ICI 0--C----C--0 I:(C 0 0m., 
H H H 
in which n is a ,whole number varying from 15 
to 80; n" is a whole number hot over 2; R' is a 
hydrocarbon radical having less than 8 carbon 
atoms, and 1% is the radical of the polycarboxy 
30 acid 
COOH 
1 / 
(cooH)., 
in which n'has its previous significance; said 
polycarboxy acid having hot more than 8 car- 
bon atoms; with the further proviso that the 
parent diol prior to esterification be water-in- 
soluble and kerosene-solu_ble, and furthermore 
that in said diol the two hydroxyl radicals be 
attached to two of the three adjacent carbon 
atoms of a terminal group opposite to the ter- 
minal group 1%'. 
3. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula: 
O--(CH«O)»R' 
oo,o__;__o,oo 
H H H 
55 in which n is a whole number varying from 15 
to 80; R' is a hydrocarbon radical having less 
than 8 carbon atoms, and 1% is the radical of the 
dicarboxy acid 
COOH 
\coott 
said dicarboxy acid having hot more than 8 car- 
bon atoms; with the further proviso that the 
parent diol prior to esterification be water-in- 
soluble and kerosene-soluble, and furthermore 
that in said diol the two hydroxyl radicals be 
attached to two of the three adjacent carbon 
atoms of a terminal group opposite to the ter- 
minal group 1%'. 
4. The process of claire 3 wherein 1%' has at 
least  carbon atoms. 
5. The process of claire 3 wherein 1%' bas at 
least  carbon atoms and is derived from a 
water-soluble alcohoL 
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6. The process 0f claire 3 wherein 1%' bas at 
least 3 carbon atoms, and is derived from a 
water-soluble alcohol, and the dicarboxy acid 
is phthalic acid. 
7. The process oï claire 3 wherein 1%' bas ai 5 
least 3 carbon atoms, is derived from a water- 
soluble alcohol, and the dicarboxy acid is maleic 
acid. 
8. The process of claire 3 wherein 1%' has at 
least 3 carbon atoms, is derived from a water- lo 
soluble alcohol, and the dicarboxy acid is suc- 
cinic acid. 
9. The process of claire 3 wherein R' has ai 
least 3 carbon atoms, is derived from a water- 
soluble alcohol, and the dicarboxy acid is citra- 15 
conlc acid. 

10. The process of claire 3 whereln R" has at 
least 3 carbon atoms, is derived from a water- 
soluble alcohol, and the dicarboxy actd is di- 
glycollic acid. 
IIELVIN DE GROOTE. 
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